the nitrogen in the nutrient solution is supplied as nitrate or ammonium. TURTSCHIN (28) is of the opinion that K-deficient plants are unable to utilize nitrogen as ammonium because of the accumulation of toxic concentrations of NH4-ions and of glucose. HIBBARD and GRIGSBY (7) have found no evidence that increases in potassium or calcium parallels the amounts of nitrogen and protein. HARTT (6) claims that in the blades of 7-month sugar cane plants higher percentages of amino-, protein-, and total-nitrogen were found in potassium-deficient than potassium-supplied cultures, while in the stems the opposite relationship was found to occur. PHiLLIPS et al. (9, 10, 11) found more solids, reducing sugars, and insoluble nitrogen in K-deficient than in K-supplied plants. ROEDE (14) states that a balance between potassium and nitrogen supply is necessary for efficiency in the assimilation of CO2 and use of available light. GREGORY (2) has summarized his views as follows: "Potassium deficiency is characterized by (a) a marked increase in amino-and amide-nitrogen; (b) accumulation of nitrate nitrogen in later leaves; and (c) a very rapid breakdown of protein during senescence of leaves. At emergence the leaves show a normal protein content. It is held that potassium is not primarily associated with protein synthesis but is necessary for maintaining the protoplasmic complex, and in its absence rapid proteolysis occurs. In consequence of this protein breakdown, soluble nitrogen fractions accumulate throughout the plant."
Methods
The composition of the nutrient solutions, cultural procedures, methods of chemical analyses of the tissues and of statistical treatment of the data have been described in previous publications (19, 20, 22) .
The titles of the treatments are reported synoptically in the text. Thus the 205 and 4 mg. of potassium per liter are designated by High-K or high potassium, and Low-K or low potassium, and the nitrate-and ammoniumnitrogen series by N-n and A-n, respectively.
Observations TOTAL NITROGEN
Total nitrogen, expressed in table II as the sum of the inorganic and organic nitrogen fractions, was higher in the High-K than Low-K cultures, being 1.162 and 1.026 times greater for the N-n and A-n series, respectively. Relative concentration ratios (R.C.R.), obtained by dividing the nitrogen ratio of High-K to Low-K cultures by the respective plant weight ratios, indicate the relative concentrations of various nitrogenous fractions in the High-K cultures with reference to the Low-K cultures. Such ratio values in table II show that the concentrations of total-N in the leaves and stem of the High-K cultures were smaller than those of the Low-K cultures. Similar concentrations in the roots were lower for the High-K cultures in the N-n series but higher in the A-n series.
Inorganic nitrogen, the sum of NH4 + NO3, as percentage of total nitro-gen was 6.10 and 2.50 per cent. in the N-n series and 0.90 and 0.32 per cent. in the A-n series for the High-K and Low-K cultures, respectively. The higher values of inorganic nitrogen in the N-n series resulted from nitrates which are not assimilated until reaching the chlorophyllose tissues of the leaves. TOTAL ORGANIC NITROGEN This fraction, expressed as the sum of soluble organic-N and protein-N, is reported in table I as mg. per gram of fresh tissue. The data show significant difference between High-K and Low-K cultures in the organic-N content of the leaves (odds 1: 3000 for the N-n and 1 :10,000 for the A-n series) and of the stem of the A-n series (odds 22: 1) but not of the N-n series. Such differences in the leaves in favor of the Low-K cultures were 0.20 and 1.23 mg. per gram for the N-n and A-n series, respectively. The data in table II reporting total amounts of organic nitrogen per plant show that such amounts were higher in the High-K than Low-K cultures because of greater plant weights in the former than the latter. However, it is interesting to note that organic nitrogen values, obtainable from the sum of soluble organic-N and protein-N in table II, differed more between High-K and Low-K cultures in the N-n series (5,543 vs. 4,954 mg.) than in the A-n series (6,289 vs. 6,165 mg.). Such differences may suggest that in the N-n series nitrogen absorption as nitrate was greatly influenced by the concentrations of potassium in the nutrient solution whereas similar influences on ammonium absorption in the A-n series were negligible. Moreover, these findings indicate that NH4 and K ions, although of the same electric charge, are not mutually antagonistic in their relationship to absorption by plants.
Relative concentration ratios of total organic-N, obtainable from one-half the sum of soluble organic-N and protein-N values in High-K cultures, were 1.586 and 1.953 times greater for the N-n and A-n series, respectively. The data disclose that the rate of conversion of soluble organic-N to proteini-N was greater in the stem than in the leaves of the High-K cultures, being 1.228 (1.586 . 1.292) and 1.412 (1.953 + 1.383) timiies in the N-n and A-n series, respectively. On the basis of informationi reported elsewhere (22), the higher protein-N anid soluble ortanic-N values in the A-n than N-n series should be attributed to a greater rate of absorption by roots of NH4 thani NO3 ionis from the nutrienit solution.
Relative coneenitration ratio values of protein-N, in High-K and Low-K cultures in the N-n series was 16.15 per cent. higher for the former cultures; whereas a similar difference in the A-n series, also in favor of the High-K cultures, was 2.6 per cent. The difference in series being considerably smaller in the A-n than N-n series, suggests that the rate of nitrogen absorption by the roots of either the High-K or Low-K cultures was approximately the same or slightly in favor of the former cultures, in spite of the larger root system of the Low-K cultures in the A-n series. But in the N-n series a difference many times greater than in the A-n series indicates that the rate of nitrate absorption by the High-K cultures was higher than by the Low-K cultures. Therefore, the data may indicate that absorption of ammonium nitrogen was not inhibited by either concentration of K ions in the A-n series, but in the N-n series the higher K-ion concentration had increased nitrate absorption.
Protein-N as percentage of total organic-N in the N-n series was 57.1 and 53.7 per cent. for the High-K and Low-K cultures, respectively. Similar values in the A-n series were 56.7 and 42.3 per cent. for the High-K and Low-K cultures, respectively. The difference between High-K and Low-K etltures being smaller in the N-n than A-n series (3.4 vs. 14.4) might indicate in the former series that the rate of nitrate absorption by roots, its assimilation to soluble organic-N, and conversion of the latter to protein-N were coordinated by the supply of K ions. But in the A-n series coordinationi was lacking between the supply of K ions and ammonium absorption by roots and polymerization of the primary products of assimilation. The apparently regulatory effects of K ions on nitrate absorption by roots retarded the accumulation of much greater amounts of soluble organic-N in Low-K cultures in the N-n series supplied with nitrate, and thus a satisfactory ratio was maintained between soluble organic-N and protein-N. Also, the possible accumulation in plant tissues of NO3 ions from external sources but not of NH4 ions, except in small amounts, in cultures supplied with niitrate and ammonium, respectively, may influence greatly, by their relative degree of assimilability, the ratio of soluble organic-N to protein-N. There-fore, the relatively great accumiiulations of soluble organic-N in both High-K and Low-K cultures in the A-n series should be attributed to the inability of K ions to regulate the absorption of NH4 ions by roots. Also, the much greater amounts of soluble organlie-N than protein-N in the Low-K than High-K cultures in the A-n series should be attributed to the inadequacy of the low concentrations of K ions to promote conversion of soluble organic-N to protein-N. Doubtless, all reactions inivolved in the coniversion of soluble organic-N to protein-N are of einzymatic nature and may require as substrata for protein synthesis other substances besides the various fractions in the soluble organic-N coimiplex. Therefore, different K-ion concentrations may modify in some obscure manner the rate of enzvmatic activity in the conversioni of soluble organic-N to protein-N. Such interpretations of the physiological action of potassiunm are plausible because they are supported in part bv the experimental data reported above.
The theories of various investigators on the effects of K ions in protein synlthesis are manifold and divergenit. STEWART, STOUTE, and PRESTON (25, 26) claim that the stable amide and amino acid fractions in dormant potato tubers were found to be sources of nitrogen for protein formation and that potassium salts appeared to inerease and calcium salts to decrease their relative utilization. WALL (29, 30, 31) observed that in K-deficient cultures tomato plants made better growth when supplied with nitrate than with ammonium; the latter, showing rapid breakdown of leaf tissues due to high internal ammonium-ion concentration, increases in amide and amino acid nitrogen and decreases in proteini-niitrogen. GREGORY (2), quoting the results of SAID (15) 2. Nitrate nitrogen, as indicated by the nitrate content of the basal leaf and stem sections, was greater in the high-potassium than in the low-potassium cultures in the nitrate series. Ammonium nitroaen, generated possibly by deaminizing processes, occurred in traces in the plants of both nitrate and ammonium series. Ammonium absorbed from nutrient solutions was readily
